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(54) MAGNETIC RANDOM ACCESS MEMORY CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable performing highly accurate 
and high speed read-out by preventing destruction of bias effect 
and tunnel barrier when voltage applied to a magneto resistive 
element is kept at a low level and a tunnel type magneto resistive 
element is used as a storage element. 

SOLUTION: Potentials of all connected sense line 121-124 and 
potentials of all work lines 133, 136 being not selected are kept at 
an equal potential, a selected work line 1 34 is grounded, a capacitor 
114 previously charged to high voltage is connected to the sense 
line 122 through a MOS transistor 1 18 as a voltage drop element, 
and capacitor 1 14 is connected to them so that the capacitor 1 14 
can discharge charged electric charges through the MOS transistor 
1 18, the sense line 122, a magneto resistive element 142, and the 
word line 134. 
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h7>^^ 2 17 — 22 OfUoT^tfe (V s ) 
«fch,T:}S 0 , StIR$nt^ft^!7-K82 3 3, 
2 3 5, 2 3 6 h^tl^tlMO S h7>^i? 2 2 5, 
2 2 7, 2 2 8iaD, (V S ) (CffcfcixT^ 

6„ Z<Dtzfr. ^ir/W:MOS h =7 is is* * £ t^i, 

30 SA^BC:^^, ty^|22i-2 2 4i:ii^ 
iifiiVs J: 2 4 1 -2 4 4 oolg$i 

[ 0 0 3 7 ] 2fT§^7— K»2 3 4 £>3« j£«El^T\ 

yt=» — ^ 201 ^boft^-ia 1? i^ug (D^^^m 

22U, 2?IJgOir V782 2 2 3*31&$ix£o 
B#, MOS h7>^^ 2 0 9 4 21 0tt*7 tKV . 

l^JgC0ir^^i^2 2U 2?UB <D± 2 2 2 Jim 

I2 0 6d>bg)!?l$n5^, 3^7^2 13, 21 

J<7 1, 2 4 2(Cfj;^Sno^{tS 6 :Ojg*, d>ir 
>t2 1 3, 2 14 (C^C^mffi, -f*fc*>, MO S h 
7^^2 17, 2 1 8 (D?,Zl{M<Dm,E.m&T-tZ> 
^, MO S h7V^^ 2 17, 218 (^ffi^lU^mff 

(v s ) l«aLfcJ:}|: (1) ^T-&5£tttf fetiSfc 

^>7>t2 13, 2 1 4 lc£ £5CDflffi<Z>B#K|£fl:V 
D (t) 13, (2) ^{C^Lfcf® D-C*>5o 
[0 0 3 8 ] (2) StM^LfcJ; nyfyf 2 1 

3, 2 1 4 ^*C5*fiEO««n«fb«taft»«:*-?"2 4 
«7 1, 2 4 2 Og^tlCj; 0*flS*a*»&5. IBtt 

^-*a**i aftiStt** 2 4 1 3ft** 

2»0, ■fttttt*f2 4 2^ftSft«(tlT«) 
5 ^r^5 t s =1 >"f >t 2 1 3 colfffiT J: a y 
1J-2 1 4<73«ffffiTO»HX<t^*#^. S^iClBtt^ 
-^^'O'TfoS^^ICIi, Kft&ttX? 2 4 1 **{&& 

d>o, «»sa»^2 4 2i5J5fitt:«1lt4 
0, 3 >t >y 2 1 3 Otff j|T J: ^ >f V t 2 1 4 
O*flE(STO#|B»-fbtt/hSi^ 0 fcS — S^BISiftft 
=1 Vir- 213^ V-x^i/- 2 14 <DM,I±<Dg:%; 
50 mW)i%m& 2 5 3T«l, -toWSJBRSrK^BL^ 
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— * t traiM2 5 5 x k> tti^-rs. 

[0 0 3 9 ] hZ> t WB»SMfc*>3>'7*>'-?- 2 13^ 
Vqut ( t ) - (V S /C) { ( 

[0040] ::t-r l , r h tt^ix^n, Sgfifi^ 
-^^(SSSt3Rl»i:i*lg:St«1fiT-OMOS h7^^© 
Atgm (**£*51?>\*liL aftSitSf-^ MO S 
h7^^ 2 3 0<0%&&m T*^5 0 (3) Sifclfc 
1< N T, #JxJ£^ V-x Vf-CD^fic £ 1 P F, MOS h7 
V^^^MolEVs lr 2 5 0mV, JEftlStft* 
-^aM£Stttt1fi<OR L triOkQ, ifcfiSM* 1R R 

f 213, 2140ftf^^24nsec^f5^ 
lEtt-r — ^ 1\ " 0" Cr Vqut (24ns 

e c) #±10 OmVOffl^^ftbn^Ci^bi^. 
K$^i|#DRAMOt^7^ (ttlbttHS) <0 
A^?mffi (^fcBlE) I4l0 0mvi4l:ftot*5^ 
1 0 0mVOf**tt**tcfcHjT*5£ ittgn 

[ 0 0 4 1 ] roMOflia^MRAME^ftj:, 
4 1, 2 4 2 ICfP^D^^^mffJiVs 
*)^OT\ 1M^24 1 V 2 4 2^Mt6tE 

o~£j&5t-#5. L^Ltt^b, ^yfyt2i 3, 2 

1 4<z>fMHcJ: t? , SttitffHt («U8) 2 5 3(;A^3 

-^com^SfetM^ J: ««»tt*-7-k:HiaD-#- v s 

[ 0 0 4 2 ] £felC, IB«ffe/I-«fifc*«#*«C«*tf*>S 
off Eg -r — ^ itSOT, /nt^lfbo 

JMSSt. MOS h7>^^OgS^*§P, &>£l^ 
LTt>, (2) 5Cco=3 yfyf^gic, ^^Smii 1 

[0 0 4 3] MJfLfcJ:5te, W— 

2 3 4{:^^nt^5KM^2 4 3, 2 4 4C 

traancttaej&ssEns. ^otmos b 7 2 0 

9,210 tH^lc, mo Shy 211, 21 

2 t^^i^t, I^iS^2 4 3, 2 4 4CES 
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>fyf2 l4(7)t£OgV 0 UT (t) ft (2) 5UC*> 
(3) ^fc^J: 5KLT3fr£>fcix£ D 
1/Rl ) - (1/Rh ) J t (3) 

[0044] m4 n*&m<onfa<r>i&<omm&7F'to m 

MRAM@Bli, Yf^- ¥Z 0 1 Sr^tfYS 
220S&3O2, ilOXf^- <^3 0 3^^tff lOX 
Js)}2[hJS§3 0 4 , fTl <Di?/UT l—f 3 0 5 £ tfftJlSGQ 
YJS^ESI 3 0 2 IT, *tl"etltt%fiftt£tiLm^Z 

20 ©£§3 0 7, g2Ot/U7l^^ 3 0 8, frhm&Z frX 
-eix-t'tL^-fc/i'T K 3 0 5, 3 0 8 ICjotf 

ix5 0 B4IC^LfcWT-»4, f 1M/U7U"( 3 0 5T 
13, I7-K«3 1 3ICl?gR3 1 5-3 1 8^gft^f 
*X, I20WW 3 0 8T*I3, 17 — Kit* 3 2 7 CI 
^3 2 8-3 3 1 A5«ttSnT^5 6 

[0 0 4 5] roUffiOjg^fC^n^, fl^) 
Iryt'T K 3 0 5 <Dir V^g!3 lOt 17— KIR 3 14C 
ffiitt^ixfcraftSfciSf^ 3 2 0<oflM8*R*fcti-*-*-&lc: 
13, % 2 Oir/i^T 3 0 8 O-fe V^i^ 3 2 4 ^-K 

^3 2 7ic««sixfcsiiitta3 2 9a»fc*>ft*S:#sa 

ff-§-£ U f l*5j:{;f 2(7)MRAM©^^f^^(7)JiI 
££H^T, M&ii««3 3 3*JB^TW;*?S:1»3. * 

^3 1 9, 3 2 1, 3 2 2 ^|E«£;h,Jt««fc, S 
tb*««3 3 2, 3 3 4, 3 3 5 &ffl^t, 3 
2 8, 3 3 0, 3 3 1 frh<D{m-%tit$L'fZZtX-&ft 
{cR^tB-TC fc^-nBTfcS. ft*5, f l(Ot;U7u^ 
305C0C7-K«31 3tc«a$n^:S2S«St3 15- 
40 3 1811 f 2 0-t/U7 U Y 3 0 8 (rlEt ^ n^l^vg 

[0 0 4 6 ] feoT. ^^I^(:J:5MRAM@ 

Srfr^^"^. g^g£i3 15 — 318, 328 

-3 3 l*>bOfff*«:#eB-r— ^tcfflt>Sr tX\ ^ y 

Srt-5tt£E*>*^WU IK^eirM^^tffct^ 
50 t/hS<«o:i^f#5. Ld»L*3&«b, ^^^^-^ 



(9) 



2001—325791 



15 

Isia"C+5>^7 f — ^4r«taT-* 5. £blc, MRAM0 
SS<Og£^fii L**I4, ^ = v-^vi^co^SC, 

V S {CJ: UftS^n, rftb^7>-^*r*lftt5 
[0 0 4 7] «*«tt#^l;i#LTii:^Jtco^ 

nfcKJM&Su mos h7^#^fia**#i\ *> 
trt>, (2) ^o^^^co^c , aifttttt 

*tt-W-c*>!K m<ois—trs kli&K; 
[0 0 4 8 ] 115 14, *:«M^>**OffiO!>»1B«rjSi-. 

fet^T* g # ^tt^ it s -&t s n 5 ft # £r^i&±f 

£ e ^^T-i4, 0 1 ^r^tfYJD^[£]^4 0 

2, 0 3 ^^Xj§20^4 0 4*5j:t;t 

;i^7U'^ 4 0 5^bf*Sti5o £bi^ ^Sv^M 
»la]i»-efc5*-< S sif^s h d — ^ 4 0 6 icj: I? , Y 
f^^40U x-r'^r — ^4 0 3 tf>SfrfE* << ^ S-?$: 
i»LT^5 6 XjS22is]ft4 0 4 14* 1$m<D&mM<Dl& 

[ 0 0 4 9 ] — *\ YJ§)$2[h]&4 0 2 14, Y^= — ^4 
0 1, ^- h#Y7*=r-^4 0 1 «C*«*ixfcJS5(DM 
OSh =7 Sis** 410, 412, SI 6 OMO S h7> 
^^4 11, 413, Zh,b<DMO S h =7 Sis** 4 . 
10-41 3 C^^flttl4 o 7, h f:Yf^ 

-^4 0 1 )&»bO|lJ*^*ttSn, *53LtM-ffiM^»f^ 
t5f 7 *5 JiU^f 8 OMO S h 7 Sis* 9 4 1 8 , 41 
9 *S J: U 1 4 2 0 , 421, h fciSSSflffiffl 4 0 8^ 

fc<DtiJ*#*tt*jh,jfcJR9*>MO S h7^^ 4 2 

2 , 4 2 3, tf«**«»iF*lfc= >-^Vif4 14-41 
7, ffi**«fctii-5*»liB»4 4 6, 4 4 7^bM 

[ 0 0 5 0 ] C^JJJSOJRtt-Ctt, MRAMSIR^ftfll 
IfcfSfcfcS £ 14, MO Sh7 Sis** 410-41 

3 tt^VfltlBlCfcoTfc I? , ^yfyf4 1 4—4 1 7 
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I4^m^n, mfc<D%)Mm&. (V D0 ) l:/^o ^ 
C0B#, MO S h 7 V ^ * 4 1 8, 4 2 0 mstfiM 
t', MOSh7>^^4l9, 4 2 1li*7«tti4 
oTl^o ££oT, MO S h 7 Sis** 418, 420 
^IT, ='yr>'t4 14, 4 1 6 4:*«*JxTl^5 
»9WMOSh7>^^4 2 2, 4 2 30A^?iilt>^f 
^#}JW^jET-&5 0 f9(DMOS h7>^^42. 
2, 4 2 314, i?VJ^^4 2 4, 4 2 5 SOffiflffi 

[0 0 5 1 ] ^ 9 C0MO S h "7 Sis** 4 2 2, 423 
(^ffi^iI!omEEf4, £»«EEW4 0 8<0«i-*-5S2P* 
jEE (V re f ) t , jff 9 OMO Sh7 Sis** 4 2 2,4 
2 3«>W«Wtt-C«fc*b*t5-3EO|ftT«ffi (V drp ) 
t?&S£*t, MO Sh7 Sis** 4 2 2, 4 2 3 OA^) 

{icomffi (v D ) ^aE»urtaAiiiio«ffi <v s ) 14 

ir>-^^4 2 4,4 2 5i4««ffi (V s ) flMSfCfc*. 

SIttlTIt Il0OMOSh7>^^4 
itf 26— 429 IC J: ^-T-<TO!7— H 434— 437 (4 

mm± (v s ) ^jwi%fcttr^5o 

[0 0 5 2 ] «tU, flSStfgfctsS^ 4 0lC#«*iXfc: 

■§-tCct 9, 111 (DM OS h =7 Sis*? 4 3 1 £r^>\ 
f^PSMSBl 0(DMOS h7^^^4 2 7 £;^:7<h-f 
5 e C *>Jg* % MO SF7 >v>* ^410, MO SF7 
V ^418, MO Sh7 Sis* ^4 2 2, ^^S£t 
*f4 4 0*aoT««^n5 0 Z<Dm. -t-<X(D-lr 
S*UA2A, 4 2 5fiMOSh7>^^ 4 2 2, 4 
30 2 3*c£9, £7t, »jRSttTl^ftW^!7— K«4 3 4, 
4 3 6, 4 3 7 t-tn-etl* l 0 CDMO S h 9 Sis** 
426, 428, 429 <Dyf7Vtm^£ V % ( V 

4, 4 2 5(Cf4, -tn-etLVS *5 it54H»«tt«t*-T-4 
4 0, 4 4 1 OlS:tt«^feft36*iX-5*# * 0««d«aE 

n^> 0 Yf=>- ^4 o i ^^^boft^-lc J: y> , m 

0 S h =7Sis*# 4 1 0 \$3-*t H V , =fyfyf 4 l 
^ 4JC**S*ifc««r«r**Uft*b, «*fta»f 4 4 

4(C^C5m^f4 (2) ^-ot, fiTt6o 
[ 0 0 5 3 ] — 36ttlBSiaftlC, — P#Sjfr, mi 

lOMOS h7^^^43U^7, ^tltm&f\C% 

1 0 COMO Sh7 Sis* * 4 2 7 ^r^V^ U SS^S^t 
*-=F4 4 0*r5i!?itixrif^««E*rJh«>5. ^c^^, « 
^^^E°3S§^®J^ S-frT, ^^4 4 0 1;" o w 
^fc(4 w 1" ttlf-iS'iLTtiatf^, — 
^f^t<t^(C^^, MO Sh7 Sis** 4 1 8 ^t7> M 

50 OS h7>^i?4 1 9*Sfr{Z.-tZ> 0 nXI, MOS h 
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=7 4 3 1 IlO (DMO S h 7 lsis*9 

4 2 7 ^-f--5 £ „ MO S h =7 411, M 

05 h ylsisX? 4 19, f 9«MO Sh7 4 
2 2, «ft««tX-T-4 4 0OS^Tt«^h5 B & 
{^1, MO S h7 411^^7if5h =» isf 

^4 4 0l:lit»«niij5 o cioft*, KftJ&tt 
*f4 4 0O#I«)|||:Si:t, 3yfyf4i5l:4 

[0054] nxi. —'&&?m&i&&^, * 1 1 OMO s 

h7^^4 3Ut7, m^l^CMOS h7> 
^^4 2 7^^->ir L, «fefi*t*-7 : 4 4 0 £rii * jft 

1 5<D«ffiS*r*»«««4 4 6 fctf^T, itlitSo 
^^S*t^^4 4 0lC^O-x-*£?«£&^ 

[ 0 0 5 5 ] : OaofiCfcij 5MR AM0^f 

«£StffiSi* J ?-4 4 o^HiJo*n5«ffttv s r-£> 
£OT% ^jgSi^4 4 0^«It61E, *>5^tt 

T#5o MRAMlU^OR^ffiLitSli, * 

[0 0 5 6 ] fflEMRAMimK-ett, 

< Btftfc^i: LTt>, (2) 3Z<D=<^^>^<D 

T-^5o Sfc, tt]^Lfc<i: pic, *(HlKTtt* 

— K«4 3 5{:8i^ixt^51^m^4 4UP 

T-#5 C MR AM®K©R*aiUWoiB*«* 
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ffltsci lifter- £>s e 
[0 0 5 7 ] B6tt*j8K^3«lSfl>«iO*«Sr*+. £ 

LtfcSo ::t-tt ty^i5 0 6-5 0 9 oifi^ 

ct !?:£*k:»J»-f 5£:«>fcL, J±R«5 10-51 3 
#, ^COffl^^MOS h7^^ 5 0 1 — 5 0 4 
— h l:A^) LTi^o tt^fl 5 10 — 513 OiEcoA^/ 
10 (jE«9) (iIME^5 0 5lC^^il, ^^A^ 

^ix^tfferv^*! 5 0 6 — 5 0 9 lc«|R 

$tE3 5 0 5 J: &(S^»-frt£tt, MO S h 

50 1 — 5 0 4 <D?1b. ^tSMOS F7 

■fc>;**|5 0 6 - 5 0 9 OSffiSrfctf 5 0 ^tlttefctt 
[C, f5I^(7)t y^iiDl^^IitEHS 5 0 5(D£?P 
OaSlr^»-fr|Ctt, MOS h7>^^ 5 0 1-5 
040^, ^J6t5MO Sh7 ^i>*#<D?— Mff 

0. ^Toirv^jteomteSriEsilc— tcfto: tit 

[ 0 0 5 8 ] gillibo^l^lT, je 

SttfEdi'BTIg&MR AM@K^ft hint!* Z<D\b] 
ffitt, MO S h 7 > ^501—504 ^Jftlay^ 

^^>7}:i:^-ty7>i5 0 6 — 5 0 9 oaftwfgftt) 
»f^* s "5iseT-fc6. ^7c, nr-is, MRAM@^» 

^ + ^>»31«l»«rfT5H:«*5 10-51 3 0>#|«r^L 

[ 0 0 5 9 ] ft S3, i6T*lity7>i5 0 6 -5 0 9O 
J: t> jE«^ft!l»-rS3tae>^, tfc»« 5 l 0-5 l 
3 £rg^mj£S& 5 0 5 ISXXSMO Shy 501 

-504 mi^mm^tihnz^i'tLfr. mm.<omj&<o\t 

40 3 Ol^tff^ 2 0 7 Shy 

^217-220 Fi, 14W1|IE^3 9 7 ^5 J: U^M 
OS h7>y^^ 3 4 7-3 5 0 r^ 1$1E^ 3 9 8 
*5j:t/MO S h7>"^^ 3 7 7 — 3 8 Offi, H 5 (Og 
*tt£ES4 0 8 33j:(;MOS h7>^^ 4 2 2, 4 2 

[0 0 6 0 ] 

h^^sa^sa;*^ (tmr) 

5^7 /:MRAM0^T(1 ^Mi^^f5tff^5 
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[0 0 6 1 ] £7c, *i^WMR AMUJS&Ogf^ffi Lii 

fc, *MRAM!sI8t , tt, P3— <o 17— Ki«£8&tt£jh/r 

S(DMRAM@^[j: 4 ««tttt*^fclKWCOfc#;h, 
*:K«ig;*u MOS h7>^^(Z)SS^#^/*)5 

c^r% f- y7 F oaDa»*i)<as< > ss^a^o^nir* 

lifeo#lc^i-siiJK»^^^ttlctfixSMRAMlHl 

[ 0 0 6 2 ] £ *i^(DMRAMll #-fe^^<| 

mi ] *^sonft(7)-f®{a5ffiS7yyA7 

^ir^^^e y iHlKSr^-t-IlIjaB'CfcSo 
[12] Hi fc*5tf 5-f ^o»!B*r*-#-|Hl*H 

[H3i ^awostjkottojstticjisaiEt^^^A 

[14] ^SRolMk^tto^lBtcJidSA?^^ 

[116 ] sicainoxik^ttosfliicjidaift?^^ 
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[0 7] ttSeoKft^^AT ?±**=£ V 0SS^^ 

[0 8] feic^cr)?e^7>'^^r ^-fe^^^E- 

y ISBSr^-r 0&HIT-&£ O 
[«F*tf>«9§] 

1 0 1 , 2 0 1 , 3 0 U 4 0 1 Y^=> — V 

1 0 2, 2 0 2, 3 0 2, 4 0 2 YjD22f°]E§ 

1 0 3 , 2 0 3, 3 0 3, 3 0 6, 4 0 3 Xf^-^ 
/0 104, 204, 304, 307,404 Xj^22fUS§ 

105, 205, 305, 308, 405 t^7l/^{ 
106,108,206,208,407,409 ft 
IK 

107, 207, 4 0 8 505 l^tff^ 

109 — 112, 209 — 212, 501 — 504 % 
* 1 OMO S h7 ^ 

113 — 116, 213 — 216, 414 — 417 =3 

117—120, 217—220 f 

121 — 124, 221 — 224, 309—312, 3 

2 3 — 3 2 6, 4 2 4 —4 2 5, 5 0 6 — 5 0 9 ± > 

125—128, 225—228 ^30MOSh7V 

129—132, 229—232 |4OM0Sh7> 

1 3 3 — 1 3 6, 2 3 3 — 2 3 6, 3 1 3, 3 1 4, 3 
27, 434— 43717 — KM 
J0 137 — 152, 237 — 252, 319—322, 4 

3 8-4 4 5 

153 — 156, 255, 256 
15 7 -f — * 

315 — 318, 328 — 331 SlJSSt 

4 0 6 ^^;y/3yhn'7 -f ^ > ^WJ»H] 
■ ) 

4 10, 412 gSOMOS h7>^^ 
4 11, 413 f6(OMOS^7>^^ 
4 1 8, 4 2 0 i7(7)MOS h7>^^ 
4? 419, 421 !8OM0Sh7^^ 

4 2 2, 4 2 3 h7>^^ 
426—429 mi 0OMOS h7>^^ 
430—433 ^11 COMO S h7^^ 

5 10 — 513 Jfc«*! 
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